Computer-Based Education in the Biomedical Sciences Introduction
The teaching program should utilize newer educational technology and techniques to provide optimal flexibility.
USE OF COMPUTERS IN THE TEACHING OF PHARMACOLOGY, TOXICOLOGY AND THERAPEUTICS
To meet these objectives, a modified "Keller Plan" was adopted, and the pharmacology course was organized into modules (2). Students were required to demonstrate competence in each module or unit.
It is apparent that the teaching philosophy followed by the program cannot be provided by a conventional approach. There were two basic ingredients needed to adopt the philosophy successfully, namely, a large question bank file from which multiple examinations of equal difficulty could be generated and multiple sources of information available to the students. It was for these reasons that computers were introduced into the pharmacology teaching program, and extensive effort was put forth toward the development of CA1 and CMI. The CATS is used to teach basic pharmacology to different groups of health professional students.
The courses offered include medical pharmacology, nursing pharmacology, and two series of independent study courses through the graduate school.
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We have been using computer aided instruction (CAI) for the past 12 years.
The system is used each year to teach 200 medical students, 120 nursing students, 36 graduate students and approx. 30-150 practicing physicians. Students are evaluated by a computer-based, multiple choice examination system (CMI), which contains some learning synthesis questions in addition to the usual content.
There are 177 lessons which are approximately min. running time. The entire system is supported by a large mainframe IBM computer using Phoenix.
At least 15% of our medical students get their course work on their home computers by telephone.
We have recently been able to transfer the course material from the IBM to microcomputers. Thus, we are able to offer the system to users who do not have access to a large mainframe IBM but do have access to microcomputers.
They are available on microprocessors that have a CP/M disk operating system. At the present time the material is made available to various schools under the CATS Consortium. This is a loosely bound, not for profit group sharing teaching material.
CA1 consists
of 177 teaching programs; they are of four basic types:
(a) self-instruction, (b) case histories, (c) review question programs, and (d) laboratory exercises.
The self-instruction programs are similar to programmed texts in that the computer presents text or didactic information and then asks the students a series of questions. Each program is usually equivalent to a lecture on a single topic.
The format of these programs may include simple to very complex branching decisions.
Some of these programs include a pretest and posttest that can be used to evaluate their effectiveness.
The case history, or simulated patient encounter, consists primarily of problem-solving exercises.
Although the general format is the same as in the self-instructional programs, the cases use more sophisticated logic and permit greater flexibility in response. For example, in a toxicology case, the student can lose a patient in six ways but can save him in only one.
The major difference between this computer simulation and the actual emergencv room situation is that the students who lose the patient are eiven a second chance to save him by the computer.
The purpose of this paper is to describe the use of a computer-assisted teaching system (CATS) for teaching pharmacology to health professionals. The CATS is composed of two parts:
computerassisted instruction (CAI) and computer-managed instruction (CMI). A consortium of CATS users was established in 1974 to share the philosophy and teaching material of the CATS, and 65 domestic and foreign schools are currently members of the CATS Consortium (1).
In the review question programs, the logic is relatively simple (question + response -+ text + question + response + text). There is little or no branching, but the computer does keep track of the students' performance and gives them a score at the end.
These are drill-and-practice-type programs. Objectives
Five major objectives were identified as being essential for a teaching program:
In the laboratory exercises cat blood pressure is studied using simple graphics.
There are There are also exercises in autonomic drugs. Pharmacology courses must be easily availlaboratories where a student must identify an any time throughout the year to students. unknown drug using known antagonists and agonists to logically deduce the answer. popular with students. Programs mus t be ab le to hand with dif ferent levels of pre parat ion. le st udents There are a total of seven units (Table II) and we also present examinations and Chemquest.
The latter is a chemotherapy question system in which the student uses the computer to find the data to answer the question posed. Initially all CA1 programs were written by staff members in their area of expertise. Today many of the programs are written by medical students with varying amounts of faculty consultation.
The students' experience as users of the programs enables them to write programs that are very efficient in teaching. This experience also meets their obligation for a communication skill requirement.
The use by students of the four types of programs depends somewhat on their level of training.
Medical students in pharmacology often use the self-instruction programs earlv in t-heir studv of the unit material and use the review question programs just prior to taking the unit examination. The case histories are most frequently used by members of the housestaff and by practicing physicians.
Since all of the CA1 programs were initially designed to be used by second-year medical students, it was anticipated that these programs would not be effective for teaching graduate students, nursing students, and other health professionals.
However, experience shows that this is not the case and that the majority of the programs can be used effectively by any group of health professionals.
More than 95 percent of the medical and nursing students use CA1 to study pharmacology (3).
Hardware
The entire system is supported by a large mainframe IBM computer using Phoenix as an operating system.
It can also run on a DEC-10 in the Pilot language. Some parts run on a CDC/Plato using Tutor.
It can also run on an Amdahl computer. The course offering on the IBM is current, some of the others are somewhat dated and they are not recommended by the Consortium.
The original language was Coursewriter III.
It can also run on other IBM systems; however, this is done only by our Consortium members overseas since those IBM systems are not available on the domestic market.
The students can obtain the course on an IBM 3270 or similar IBM terminal. It can also be obtained on other terminals compatible with IBM or on any TTY. The latter is obtained by a simple telephone modem connection to the main computer. Some 20-25 of our medical students and a few graduate students get their course work on their home computers by telephone.
Some of the graduate students have obtained their material using long distance, low cost telephone lines. This is especially true of MS candidates in Nursing, who also hold down professional positions in community hospitals that are 200 miles away from our Center.
The CM1 system is written in COBOL and thus is intelligible to all large computers that have a COBOL compiler.
The test question bank (11,000 questions)
is revised every three years by a national committee of CAT Consortium members. The grading portion of CM1 is via BASIC programs and operates on microprocessors linked to a Chatsworth reader.
Development is under way to make the complete test bank available to operate on microprocessors.
We have recently been able to transfer the course material from the IBM mainframe to microprocessors. This is done by a text transfer to an 8-inch disk.
The latter can be converted to a 5-l/4 inch floppy disk that can be run on almost any microcomputer which has a CP/M disk operating system. Thus, we shall be able to offer the system to users who do not have access to a large mainframe IBM but do have access to microcomputers. The system can thus be operated by microprocessors like Kaypro, Radio Shack and similar machines but not Apple.
We are also developing these programs on a hard disk (Winchester).
In addition, we now can supply these courses on an IBM-PC. cided  that  the  purpose  of  the  present  simulations  should  be  to  strengthen  prob-lem  solving  skills  rather  than  to  provide  additional  information  to  be  remembered.  In  this  context,  problem  solving  was  defined  as  the  process  whereby  a student  detects  and  analyzes  a  new,  unfamiliar  problem  and  then  determines  how  it  is  to  be managed.  From  this  it  might  be expected that  the  instructor's  role  would  be   limited  to  designing  the  case  study  and  to  giving  assistance  to  the  learners  only  through  programmed  replies  to  their  responses  during  the  simulation.  In  practice,  the  nature  of  student  encounters  with  the  programs  often  leads  to  mutually  enlightening  discussions  with  the  designer-instructor.   Altho   wh medical   students  are  standably  ent husiast  ic  about  the   underquasiclinicalsettings,  they  are  also  awareof  the  necessity  of  remembering  facts  and  concepts  for  examinations.  The  novelty  of  the  medical  setting  does  not  distract  them  from  appreciating  the  importance  of  the  basic  knowledge  needed  to  understand  the  underlying  pathophysiological To  a considerable  degree  the  effectiveness  of  clinical  simulations  as  a  learning  medium  is  dependent  on having  the  student  accept  the  role  of  the  "doctor"  responsible  for  detecting  the  patient's  problem,  identifying  it  and  managing  it  therapeutically.  Acceptance  of  such  role  playing  is  encouraged,  beginning  in  the  Opening  Scene  which  might,  for  example To minimize  this  the  simulations  are  offered  on Apple  II  computers,  machines  that  are  not  physically  intimidating  and  can  be  used  without  learning  the  arcane  jargon  of  main  frame  access.  In  the  first  screenload  the  student  is  told  that  pressing  the  Return  key  will  control  the  speed  of  movement  through  the  exercise  -and  the  location  of  the  Return  key  on  the  keyboard  is  described.  Next,  by  touching  the  "Y"  or  "N"  key  the  user  can  choose  to  view  or  omit  a set  of  instructions  common  to  all  the  case  studies.  In  the  instructions  the  various  kinds  of  responses  which  will  be  requested  later  are  explained,  and  the  way  to  correct  spelling  errors  made  during  entry  of II   computers  for  programming  and  student  use,  the  single  most  effective  decision  made  in  planning  the  production  of  the  present  simulations  was  the  choice  of  PILOT  as the  programming  language.  In the  Apple  Super-PILOT  version,  PILOT  has  most  of  the  features  of  a fully  developed  language,  USCD  Pascal,  upon  which  it  is We chose to use the course grade to judge this.
At the end of each semester but before students received their course grade, we asked them their perception of the effect of using this program on their grade. was a bias or selection for users to be students with a higher potential for good grades, we don't know.
However, we did run several correlations using the grade point average (GPA) the students had when they entered the course or the course grades, versus several of the other questions asked. These are shown below and the probability level for significance was set at .05 (NS = not significant).
For the non-parametric data, Kendall's Correlation was used. That is, the students with the higher grades perceived that their grades would be higher.
But there was only one significant correlation between their grades and time spent at the computer program.
The last two lines of Table 4 show strong relationships between the students' perception of their grades or the actual grade and how useful the program seemed to be. We conclude from these data that our autotutorial program was perceived by the students as being very useful in enhancing their knowledge in the course (judged by grades) and in actually increasing their grades. But these benefits were not well correlated with time spent at the computer.
The advantages and disadvantages of the autotutorial program as judged by the 352 student users are shown in Table 5 . The potential of the computer in education has hardly been realized. However, there has been progress in several key areas. Computer hardware is steadily decreasing in price. Computers suitable for education will shortly have advanced graphics capabilities and enough speed and memory to run Artificial Intelligence (AI) programs. These programs explicitly represent knowledge about a subject or skill and can automatically generate problems and evaluate student's answers even in complex domains such as diagnosis. AI theories may also help us understand expert problem solving, learning and teaching. In addition, there has been other interesting work in computer education that can be integrated with AI methods. If a picture is worth a thousand words and doing is understanding, then computer graphics and interactive video should provide us with a great deal of leverage in instructional applications. Viewing the computer as a unique medium that may allow us to teach knowledge differently is an exciting opportunity. Additionally, the computer is a communications device that may allow us to retrieve and annotate encyclopedic knowledge that is presented in a new form that includes animation, interaction, and feedback.
Introduction
There is little doubt that computers have not yet had the kind of broad and dramatic impact on education that some people believe is possible. They have neither revolutionized learning nor solved pressing educational problems that face society. Perhaps it is far easier to see the potential of computers in education than it is to realize that potential. First of all, education is an extremely complex endeavor. It is intertwined with political, economic, and social concerns. Education, in the fullest sense of the word, can occur anywhere and at anytime. But even the interaction between a teacher and one or more students in a formal setting is extremely complex. We still understand very little about the process of transmitting knowledge or skills and the process of learning. Secondly, programming is a very complex endeavor. It can take several man-years to produce a sophisticated program. The age of computer software is still in its infancy. Thirdly, powerful computers (e.g., lisp machine) are still too expensive for most schools or individuals to purchase. However, this technological bottleneck should be the first to break as computer hardware continues to drop in cost at a fantastic rate. The potential market for home and school computers is enormous. Soon we may be able to mass-produce very inexpensive computers that are both very fast and very small. However, there is still another factor which may be the most important of all. This fourth factor can be called the 'Poetry Principle' as Seymour Paper-t referred to it Artificial Intelligence (AI) can advance education in two broad ways: (1) provide the basis for smarter, friendlier and more responsive computer programs, and (2) provide a more formal understanding of the process of teaching and learning. The second endeavor is often associated with Cognitive Science, a field which is closely related to AI, that seeks to understand human cognitive processes. As a result, such an understanding can impact education even when a computer is not used. Although the techniques that AI programs use do not necessarily have to correspond to human methods, AX practioners in the area of computer-based instruction are often inclined to believe that programs will be more effective if they are based methods of problem-solving, learning, and teaching.
on human This is a difficult question to answer because it's hard to predict the progress that will occur in the AI field. It seems safe to say that there will be many valuable applications. However, even if AI techniques pervade future software, the AI component will still be integrated with other software technologies. For example, a graphic interface may at times be more appropriate than a natural language interface even if natural language systems advance far beyond their current state. Additionally, traditional numerical techniques will continue to be used when appropriate.
It would be a mistake to view AI as a panacea for educational problems. For example, many agree that there is a need for more individualized instruction, and some may think that a computer could some day replace a human tutor or teacher.
But replace in what sense ? Can the excitement or emotional warmth that a teacher may transmit to a student be replaced? Do we know to what extent the intellectual functions of a teacher can be replaced? The computer is a unique machine because it can take on so many faces. One can view computer technology as a new medium in which to deliver educational materials.. We can add intelligence to these materials so that they provide feedback or plan instructional activities for students as a coach or tutor might. But I think it would be a mistake to view the potential of the technology entirely in anthropomorphic images. The computer can provide the most leverage if we can integrate its various unique capabilities in a synergistic manner.
Interactive visual imagery and animation hold great promise for educational programs. Two technologies that are currently available are computer graphics and interactive video. These c&r be used in conjunction with computer-synthesized and natural sound. As the cost of electronic hardware continues to drop, these technologies will become more accessible to increasing numbers of people. Some AI programs already make extensive use of these technologies. For example, STEAMER (STEVENS83, HOLLAN84), an instruct&al program that is designed to train Navy personnel on the operation of a steam propulsion plant, uses interactive computer graphics to provide a visible and inspectable simulation model of a steam plant's complex physical processes. The graphics are integrated with a mathematical model of a steam plant. AI techniques were used to create a knowledge base that represents the plant's components and the procedures for operating the plant. With the help of an expert steam plant operator, a qualitative simulation of the plant was integrated with the mathematical model and the graphic representations of the plant.
Some AI programs are beginning to use interactive video in cases where computer generated images are inadequate or too costly to provide required imagery. For example, programs that diagnose equipment may ask non-expert users to identify the visual state of an object or to execute a procedure that is difficult to explain verbally. In some cases, a picture or "movie" sequence can make perfectly clear what words alone cannot.
The roots of intelligent computer assisted instruction (ICAI)
ICAI began with the publication of Carbonell's seminal paper in 1970 (CARBONELL70), in which he delineates the limitations of traditional CA1 programs, outlines the basic problems confronting the application of AI to computer-based instruction, and describes SCHOLAR, an ICAI tutor in geography. Carbon&l refers to traditional CA1 programs as frame-based because they usually present a frame (or screen) of text, ask several questions, and branch to another frame based on the student's answer. (This should not be confused with the popular use of frames in AI, which refers to a knowledge representation formalism, also called a schema.) Frame-based CA1 programs require an author to enter complete text passages, questions, correct answers, anticipated incorrect answers, feedback for answers as well as instructions as to where to branch next. These systems are tedious to modify and generally inflexible for a student.
SCHOLAR uses AI knowledge representation and inference techniques to automatically generate questions, evaluate answers, and engage a student in a limited natural language dialogue. SCHOLAR introduced the idea of a mixedinitiative program that allows a student to take the initiative to ask questions. Within its limited domain of South American geography, SCHOLAR could answer many questions posed in English. SCHOLAR's weaknesses include a limited ability to diagnose a student's errors, or more generally, to model a student's knowledge and skills, and an inability to plan significant instructional sequences. Student modeling and instructional planning remain difficult problems today that challenge researchers in AI.
Carbonell outlined the major problems in ICAI, including knowledge representation, inference, student modeling, planning, appropriate feedback, and interaction with the student (e.g., natural language dialogue). SCHOLAR also led directly to work that studied the interaction between a tutor and a student.
Protocol Analysis
Protocols in this context refer to transcripts or other media that represent a record of a problem-solving or teaching session. The analysis of protocols may help us understand more about learning and expert behavior; it is also a method used for building AI programs. For example, WHY (STEVENS77), a program that teaches students about the causal factors influencing rainfall in different geographical regions, was developed by analyzing protocols of tutoring sessions. Protocol analysis has also been used to develop programs that diagnose a student's errors in arithmetic (BURTON82a) and algebra (SLEEMAN82). Protocol analysis can also be used to study expert problem solving behavior. Interviewing experts or students can be a means for collecting protocols or for discussing prior ones with a subject. .
Reactive environments ---learning while doing SOPHIE (BROWN82a), an electronic troubleshooting tutor, emphasizes the idea of providing immediate and relevant feedback to a student working in a problem solving setting (i.e., diagnosing a faulty electronic circuit). Using a clever engineering approach to the problem of natural language understanding, SOPHIE is able to converse with a student in English (including incomplete sentences, pronomial references, etc.) within the domain of diagnosing an electronic circuit. Importantly, the program can respond quickly and handles student input well enough that the interaction can become transparent, allowing the student to focus on the instructional task instead. SOPHIE can evaluate both a student's requests for information and his hypotheses. The program provides relevant feedback, explaining why a student's data requests or hypotheses are or aren't appropriate given the information known at the time. SOPHIE can provide this feedback because it incorporates a computer-based expert that can diagnose circuit faults. A student can observe the computer-based expert solve a problem or choose to participate in the fault diagnosis. Additionally, SOPHIE provides an electronic laboratory which allows a student to introduce a fault into a circuit and explore hypothetical situations. Such experiments in an actual electronic laboratory could be costly or dangerous.
LOGO LOGO (PAPERTSO) has its roots in the work of Piaget, mathematics, and artificial intelligence. It is a computer language, based on a philosophy of education that emphasizes exploration and the testing and debugging of ideas and methods. The most well-known proponent of LOGO is Seymour Papert, one of the original developers of the language and the director of the M.I.T. LOGO Lab throughout the 1970s. In contrast with early ICAI researchers, who attempted to augment traditional instruction or reproduce the behavior of a human tutor, Papert's goal was to offer a new educational vision, based on Piaget's model of children as active builders of their own intellectual structures. Papert's vision depends on providing children with better materials to build with, both physical objects including computers and abstract objects such as models of cognition. Papert believes that the techniques that are used in computer problem-solving can and should be taught to students. In this sense, the student should teach the computer by using an appropriate language to experiment with and to describe a goal behavior. An example is turtle geometry, in which students use commands such as forward, backward, right, and l@t to instruct a 'turtle' to draw patterns on a computer screen.
Turtle geometry is a perfect example of how LOGO's three intellectual roots have been blended. Turtle geometry begins with simple geometric patterns, but can lead the LOGO programmer into complex mathematical concepts. The child can identify with the turtle by relating the turtle's movements to the child's own body moving in space. LOGO allows the student to use problem-solving techniques such as breaking a problem into its subparts. It provides an excellent environment for studying procedures and practicing the debugging of faulty procedures.
Papert has raised much controversy because he challenges the tenets of traditional education, and has been accused of making claims that are difficult to substantiate (particularly the transfer of problem-solving skills from one domain to another). Many educators feel uncomfortable with Papert's lack of regard for formal instruction and curriculum. Some people may agree with both his goals and his criticisms of traditional education, but still have doubts that LOGO programming is a solution. However, Papert views LOGO as a prototypical example and not an end in itself.
Papert believes that students can benefit from thinking about thinking and learning about learning. His philosophy states that mistakes are opportunities, bugs arise naturally, and you can learn from experimenting, recognizing your errors and correcting them. He believes that the gap from the concrete to the abstract can be bridged through the use of transitional objects such as the LOGO turtle. Students can imitate the turtle-with their body, imagine it in their mind, or control a floor turtle or a screen turtle (depicted as a triangle) with LOGO commands and procedures. The opportunity exists to reconceptualize domains such as geometry or physics so that that they are more intuitive to learners. Papert suggests computational or turtle geometry as an alternative starting point for a student learning mathematics. Papert has also popularized the idea of microworlds, where students can explore "powerful ideas in mind-size bites." For example, students can explore Newtonian motion in a microworld where objects called dynaturtles can move (even perpetually) in a simulation where friction can be easily adjusted . or eliminated.
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In ICAI programs, this is called student modeling.
A naive model of a student's knowledge is to assume that it is a subset of the expert's knowledge. This is naive because a student often uses incorrect knowledge as well. Groundbreaking ICAI programs that have a student modeling component include West (BURTON82b), Wumpus (GOLDSTEIN82), and GUIDON (CLANCEY82). West and Wumpus are game environments that include a coach. A coach uses the information in the student model, along with rules about coaching (e.g., when to interrupt), to provide feeback to a student at selective moments. Although these programs model student behavior and provide coaching domains.
tips, it is difficult to generalize their methods to other GUIDON began with the premise that if you have an expert system, a program that solves certain problems at an expert level, then you should be able to teach the knowledge that is encoded in the expert system. GUIDON adds a tutoring component to EMYCIN (VANMELLE81), an expert system shell. GUIDON includes an explicit set of domain-independent tutoring rules to teach a student about the rules in a given EMYCIN knowledge base, most notably, the MYCIN (SHORTLIFFE74) knowledge base for infectious disease diagnosis and anti-microbial therapy. GUIDON is a casemethod tutor that includes a student model and uses knowledge about discourse structure to engage a student in a goal-oriented dialogue about a given case.
MYCIN rules combine medical facts with a diagnostic procedure or strategy in an opaque manner. Therefore, many of the rules are difficult to understand, and GUIDON is unable to explain to a student strategic decisions that the program makes implicitly. For example, GUIDON cannot explain to a student that MYCIN is discriminating between two hypotheses because MYCIN did not explicitly follow this common diagnostic strategy. This observation led directly to the development of NEOMYCIN (CLANCEY84), a program that is based on the analysis of interviews and classroom transcripts with expert physicians. NEOMYCIN represents a diagnostic procedure separately from medical facts and rules in such a way that it can be used for multiple purposes, including explanation and student modeling. NEOMYCIN provides the foundation for a new generation of instructional programs that will investigate methods for tutoring students in diagnostic strategies.
A convergence of ideas
The current generation of knowledge-based instructional systems integrate ideas that have their roots in several traditions. In parallel with the ICAI and LOGO research of the 197Os, the Learning Research Group (LRG) at XEROX PARC explored the idea of a dynabook(KAY77, GOLDBERG79), a powerful and notebook size computer with advanced graphics capabilites and a large storage capacity. The first prototype dynabook was a desktop personal computer that included the Smalltalk language and features that are now standard on AI workstations, such as bit-mapped graphics, multiple windows and a mouse. LRG pioneered much of the work in user-interfaces and objectoriented programming that are also used in AI programming environments.
The concept of the dynabook helped shape a view of the computer as a communications device rather than as a computational engine.
Earlier work by Englebart (ENGELBART70) provided much of the technology and ideas that LRG expanded on. Even as long ago as 1945, Vanevar Bush (BUSH45) proposed an information and communications device that he called a memex, a desk-size machine that would allow a person to store, retrieve, and manipulate information easily. Bush envisioned the recording or trace of a person's thinking in a data base that can be annotated or examined as an object itself. Recent extensions to these ideas include work on interactive encyclopedias (WEYER84), programming by rehearsal (FINZER84) ---a prototype "programming" environment for curriculum developers that are not trained in traditional computer programming), and several projects underway in the Cognitive and Instructional Sciences Group at XEROX PARC (BROWN82b, BROWN83).
At present, the potential for knowledge-based instructional programs (i.e., programs that use inference techniques acting on knowledge bases) seems greater than ever. Powerful workstations are now available to develop complex programs, and as these machines decrease both in cost and size it will become possible to deliver knowledge-based instructional systems to many people. There is a new enthusiam for developing instructional systems that can integrate knowledge bases, inference engines, bit-mapped graphics, models of problem-solving and learning, and ideas about guided-discovery learning. John Seely Brown, director of Cognitive and Instructional Sciences at XEROX PARC, believes new kinds of learning environments are now possible, environments that change both the form and content of learning, emphasizing process as well as product while allowing students to explore and discover ideas under the guidance of a coach. We can explicitly represent problem-solving methods and exploit interactive graphics to record a trace of a problem-solving session that can be studied as an object itself. In this way, we can reify (i.e., make more concrete) the process of problemsolving.
Brown's ideas have directly influenced the direction of the GUIDON project at Stanford, which is in the process of developing new instructional programs using NEOMYCIN as a framework. Currently, NEOMYCIN can diagnose several diseases and provide explanations at both the strategic and domain level. The instructional programs will use a student model and interactive graphics to allow students to observe NEOMYCIN's and their own problem solving behavior, to choose diagnostic strategies, to annotate consultation typescripts (what is the strategic purpose of each question NEOMCYIN asks?), and to debug a faulty diagnosis. These intelligent tools will allow students to explore a computational model of diagnosis in a way that has not been previously possible.
Where do we go from here?
There are enough interesting ideas and challenging problems to keep researchers busy for many years. However, it is now possible to consider delivering AI-based instructional programs in educational settings. Proust (JOHNSON85), a program that diagnoses student's programming bugs for several programming exercises, is being used in introductory programming classes at Yale. However, this is the exception. Most ICAI programs have not been extensively evaluated with students, nor used very much once developed. Because most students do not have access to a mainframe computer, in the past it was difficult to deliver ICAI programs into a classroom environment. Most AI programs are now available on workstations that are small enough to install in a test setting for evaluation. Therefore, it is imperative that developers of ICAI programs begin working more closely with students and teachers to maximize the usefulness of these programs. At Stanford, stronger ties between the GUIDON project and the medical school have been formed that should facilitate this interaction. Such joint efforts between interested individuals should help us more fully realize the educational potential of the computer. References Brown, J.S., Burton, R., and De Kleer, J., "Pedagogical, natural language and knowledge engineering techniques in SOPHIE I, II , and III," Chapter 11, in Sleeman and Brown, eds., MTELUGENT In the example shown in figure  7 there is one such error. This is pointed out to the student who is given a brief explanation,
Once this review is finished, the simulation is run.
The student sees a plot of blood pressure and heart rate as a function of time and a The computer, presently dedicated to the student work station, is a Cromenco with two disk drives, the Z-80 chip and an S-100 bus.
The computer is fitted with two analog-to-digital and digital-to-analog converters.
One, a Cromenco 8-bit D+7A, is used only for setting the intensity of a stimulus or controlling some other peripheral; the other, a 12 bit, 16 channel A/DC, is used for data acquisition.
The sampling programs are written in Assembler language and are designed to sample two channels of data at different rates. The terminal is an ADM-3A Lear Siegler, and the printer is an IDS-60 Paper Tiger. A "laboratory" manual provided direction for using these programs.
Four generic
Although these programs proved very helpful for students (11, their use in other teaching settings was limited by the tabular nature of the output, the absence of video monitors suitable for viewing 80 column numerical data by large groups, and the high cost of computer graphics.
The advent of microcomputers and the emergence of high quality video projectors have provided inexpensive graphics capabilities and a means by which to display the computer output on a large screen.
These developments have made it feasible to consider incorporating simulations in large group presentations.
In addition, the portability of the microcomputer makes it possible to use this vehicle in virtually any classroom.
We have recently completed revising the original set of simulations to include one or more graphical representations as part of the output of each program.
The revised outputs are designed to provide a conceptual aid to understanding the physiology involved, an indication of where values are "measured", or a description of the model and how it is solved (5).
The revision enhances the information conveyed by the programs such that they can become valuable aids in conference room and lecture hall settings.
Simulation Overview
The revised set of simulations includes 12 programs covering respiratory mechanics, gas exchange, chemoregulation of respiration, ventilation/perfusion relationships, and acid-base balance ( Table 1) .
The philosophy underlying the revision is the same as that followed for the original programs (3). As in the original series, a "laboratory" manual accompanies the programs providing direction for students in an independent study or student laboratory setting. The revision was designed for the Apple II family of computers, although the set will also be adapted to IBM PC compatible computers. Program Example
The graphical portions of the output of the first program in the series are shown in Figures  1  and 2 . This program allows the student to study the influence of changes in elastic properties of the lung, chest wall, or both on the characteristics of the total respiratory system. The student describes the subject by providing values for the resting (undistended) volumes of the lung and chest wall expressed as per cent of Total Lung Capacity (TLC), compliance of the lung and chest wall expressed as per cent of normal, and a pressure applied to the respiratory system to displace it from its resting volume. TLC is assumed to be 6 liters. Figure 1 shows the first pictorial output provided in response to the student's description of the subject.
The screen first reinforces the definition of resting volume as the volume at which the pressure difference between the inside and outside of the structure is zero. The lung and chest wall are each represented by a bellows proportional in size to the resting volumes chosen by the student.
Along with the numerical data, the graphic shows that the lung and chest wall interact to determine the properties of the respiratory system (double bellows, proportional to the resulting resting volume of the system). the lung and chest wall is removed (e.g., a pneumothorax), the lung will return to its resting volume, and the chest wall will return to its resting volume. Figure 2 shows the second pictorial output for this program.
The student has applied 10 cm Hz0 pressure across the system. The output indicates that the system has gone from its resting volume (FRC) to 1.18 L above its resting volume. In addition, the output shows the student how pressures. across the lung and chest wall contribute to the pressure difference across the system.
After these outputs have been presented, the data can be saved for future reference or compared to previous "experimental" runs.
Use in the Classroom
For the past 4 years, we have used 9 of the 12 programs in small group conferences (20 students) during the respiratory physiology portion of the medical school curriculum. Initially, we used multiple video monitors for displaying the output in this setting.
However, because this proved to be less than optimal, we have used a 40-inch projection television for the past 2 years.
The programs are used in the conferences to review material presented in the conventional lecture portion of the course and to help answer questions that the students may raise during traditional problem solving sessions. When using the models, the students play an active role in determining input values.
Before the model is run with a given set of chosen values, the students discuss the expected results and the rationale for predicting these results.
Student response to this format has been favorable, and a significant number of students request access to the simulations for independent study.
Use in the Lecture Hall
One program (Alveolar Gas Exchange) has been used in the lecture hall with the entire medical class (175 students).
In this setting, the output was projected on the same screen as that used for slides with a video projector (2). After present- ing a brief introduction in a standard "lecture" format, the model was used to discuss alveolar gas-, exchange in a "workshop" mode. In this mode, the instructor served as discussion leader, posing questions that could be answered by experimenting with the model.
Again, members of the class chose input values, and the output was discussed before and after it was displayed.
Using this format, it was not difficult to involve a large portion of the class in the discussion.
Thus, students who would usually be passive members of the "audience" became active participants in a discovery learning activity.
Conclusion
The The predictability rating task was administered to the students both before and after the fault-finding exercise. The top panel in figure  1 gives the results prior to the fault-finding test.
Statistical analysis was applied to both the pre-and the postfault-finding mental models. Data from experiments in heart-lung and systemic circulation laboratories and whole system operating points.
A future goal is to compare the efficacy of indirect fault-finding methods with the direct dynamic systems approach in teaching students to think integratively about physiology. In doing this, we will rely heavily on assessments of mental models in both students and experts.
We suspect from our early experience that each method will be effective, but that a combination of the two will result in a synergism that will yield best results. The best way to gain knowledge and experience with quanta1 data is to perform animal exper iments.
However, these experiments are costly in dollars and time are criticized by some as wasting animal resources (4). The ED50 SIMULATION program was written to provide students with an opportunity to design and perform simulated quanta1 dose-response experiments on the microcomputer.
tion. T he stude lnt se llects a dru actio n from a 1 ist 0 f 10 terns: Results and Discussion.
For the simulation to be valid, one would expect each of the following criteria to be satisfied: A simuiatron which will not progress without student interaction forces the student to think about what he is obsemng.
UC hrve now had the oppoortwtr to ttaluate the first of scxerai oroaraas which incoroorate these principles. The combination of the siruiated exoeri8tnt. deaiing with the pharracoiaqrcal asoects of requlaton of the circulatory syster, together wtth a non-graded oral quir on the Pattrial has increased exarxnation scores by tea pornts corpared both with urerrous tears and with other era8 scores of that class.
At UTHB, we hare exuerirented with coaouter si8ulations of aoirai ststers in the 8edical student iaboratort for the past three years.
The thrust of our earl? efforts was errply to acaufre the aporooriate hardware and to obtain asablc software either fro8 others working in this area or by writing it ourselves.
Vith seteral satisfactort, if not ideai, si8uia!ion proqrars on hand we hare paused to rxo8ine their indiriduai rtrencths and weaknesses. Our obiectites are: 1. to deterrine where to reoiace animal exoarirents with si8uiations and where animal experrrents should be retained; 2. to produce new siruiations to strenothen topics which traditionail~ hate been under-reoresanted in the student laboratory; 3. to identify those asotcts of the sirulations which enhance learning so that they can be exoloited.
The srruiation with which we hate had the most experience 3nd wbrch we feci 1s most successful 8iaics the citcuiatory s?ster. the oortron of the autonoric nervous system which regulates it and part of the ohar8acoloop of the periohera! effector oroans. Ve cai! it "CVREX" for cardiovascular reflexes. Rest of the comentr made here the result of our experiences with this sino!ation. it IS, however, I:ke teaching physics with toltne:ers but no axmeters. it ss a serious onisslon and I am conrrnced that ran? students leave the labora!ory wrth the Irpression that oressure IS somehow Pore rmportant than flow. Co8puter softwrre uhtch ri8uiates a crrcuiatcro system rest qenerate fiow data and it IS a srrpie rr!itr to diqiav these values. The ability to deronstrate which war cardiac moat chaxqes or t&at it does no: change under a Given set of cIrcu8stances goes a long wav towards helpina the student understand the circolatroty system. There are many other examies of animai exoerrrents which produce inadequate data. Furtherrore, there are ran! 8ore possible experrrents which hate never been introduced because the necessary instrurents or transducers are too extensive, too difficult for students to 8aster in one afternoon 03 do not even exist.
AOVAKTACES of COHPUTER SMUIATIONS
Phvsiolouists and pharmrcoioqists who write sirulated experirents will hare to adjust to a world where "per8eabiiitx transducers* and "oastrln meters" are as possrble as uressure trrnsducers. Students me7 Msr inpartant diaguastic clues that they could cal? obtain br cbsarriug or tefbiag with the patient. The second aatsutirl fist is that they UT devote so mch tiae to er&aiq dati sbeetr tbet the prtieut begans to feel thet ha is btiaq ignored. It is our position that the qrratajt oalae of siaalrticns is that they eIlcw tbe studant to trV-cot bis uuderrtandiug of how u sVstea warts rn a wry which is sefdoa possible with trediticnel student Iebcratcry osparimants.
If the modal does not behave as be prodictad.
be tacws whore to loot for the source of bir nisundarst8nding end he ten then teka measures to correct it. Acid and base hydrolysis give the composition of the peptide as moles of individual amino acids, taking into account the instability of certain amino acids (e.g. tryptophan). To cleave the polypeptide there are available several common digestive enzymes such as pepsin, trypsin, and clostripain.
Also available are mild acid hydrolysis and hydroxylamine cleavages.
Mechanisms for these operations are available at any time through one of the menu commands, enabling the student to determine where an enzyme will cleave his peptide.
Output is in the form of fragments, labelled by the student and stored in a library which can be viewed at any time. Any operation can be performed on a fragment created by a previous operation. Edman degradation, along with amino and carboxyl-terminal analyses, round out the commands available to the user. The Edman operation gives successive N-teminal amino acids, the output from the program being similar to the output off an HPLC column. For each cycle, peaks corresponding to the PTH residue, along with multiple peaks constituting the background, are displayed. After several cycles, the decreasing yield for the terminal amino acid blends into the background, limiting the number of residues that can be determined.
N-and C-terminal operations help the student determine overlaps and the final sequence.
As an added bit of realism, the original amount of sample is limited and each operation performed on the original fragment removes a percentage of the sample. If the student runs out of sample before determining the sequence he has effectively "lost" and must start again with a new protein.
Sessions
are designed to last from 1 to 3 hours. If a student cannot complete the session in one sitting, the data from the current session is saved and can be retrieved later, enabling the student to continue from the point he left off. When the student has finished by correctly determining the sequence of the protein the computer automatically saves to a file the record of the entire session, the protein sequenced and amount remaining, and the student's name and course. This file can then be read by the instructor.
The protein sequencer is the first of several programs planned to comprise the Apprentice series.
Other programs will include protein purification, enzyme kinetics, and recombinant DNA.
A second version of "Dr. Sanger's Apprentice" is currently in development. The new version will have a more direct and attractive user interface and added peptide complexity, including options for disulfide bonds and circular polypeptides. The main idea inherent in all these programs is embodied in the master-apprentice relationship. Complex blological concepts that are either too costly or too time consuming to duplicate in the teaching laboratory can be simulated by the microcomputer.
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